
Heart 1996;75:184-189

Collagen network remodelling and left ventricular
function in constrictive pericarditis
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Abstract
Objective-To investigate whether
patients with constrictive pericarditis
have changes in collagen content and
architecture that could influence left ven-
tricular function.
Design-Cohort study.
Setting-University teaching hospital.
Patients-Biopsy specimens of myo-
cardium from 13 patients admitted con-
secutively for treatment of chronic
constrictive pericarditis were compared
with normal heart tissue taken at
necropsy from 15 patients free of cardiac
disease.
Intervention-Pericardiectomy through
median sternotomy. Biopsy specimens (4
or 5) were taken from the left ventricular
free wall.
Main outcome measures-Biochemical
and histological assessment of total colla-
gen content, relative proportion of type I
and III collagen, and amount of orthogo-
nal collagen fibre meshwork (cross-
hatching) in the left ventricular tissue.
Results-There was more collagen in the
myocardium of patients with constrictive
pericarditis than in controls when mea-
sured either biochemically by hydroxy-
proline content (89-4 v 50-4 mg/g dry
weight) or by histological measurement of
the collagen fraction of the myocardium
(2.4% v 7.0%). Neither of these measure-
ments, however, correlated with left ven-
tricular ejection fraction, pulmonary
wedge pressure, or right ventricular end
diastolic pressure. The thickness of the
fibrous trabeculae in the myocardium
was, however, inversely related to both
left ventricular ejection fraction (r = -
0.76) and deceleration time (r = - 0.68).
Trabecular thickening was also related to
NYHA class, with those in class III and IV
having the greatest thickening.
Conclusion-Changes in collagen content
and architecture may contribute to
impaired ventricular function in patients
with chronic constrictive pericarditis.
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Consistently good late results have been
reported in many large series of patients under-
going pericardiectomy for constrictive peri-

carditis.'-3 In many patients, pericardiectomy
corrects the haemodynamic abnormalities and
produces dramatic clinical improvements.
However, in a small but significant proportion
of patients with constrictive pericarditis dias-
tolic ventricular function is impaired despite
operation and the extent of the pericardial
resection. Operative, clinical, haemodynamic,
and necropsy findings indicate that the
impaired cardiac performance is usually sec-
ondary to myocardial dysfunction rather than
to unrelieved constriction.45
The passive elastic properties of myo-

cardium, and thereby mechanical functions of
the heart, are influenced by myocardial colla-
gen content and composition.6 The myo-
cardium is an elastic network of myocytes
enmeshed in a collagen matrix that connects
the myocytes and the supporting coronary vas-
culature. Recent scanning electron microscopy
studies in animals showed an intimate
anatomical relation between muscle cells and
connective tissue matrix, particularly with the
arrangements of collagen fibres.7 The major
structural proteins of the myocardial collagen
matrix are fibrillar collagens of types I and
III.89 Type I collagen is usually present as
thick fibres with a tensile strength like that of
steel. Therefore type I collagen determines the
stiffness of the myocardium. Type III collagen
forms fine reticular networks and is more dis-
tensible than type I collagen. Alterations in the
functional and structural composition of this
elastic network of contractile and non-contrac-
tile components cause corresponding changes
in systolic and diastolic functions.

Myocardial fibrosis is usually detected his-
tologically, and several biopsy studies'O and
necropsyll show that it is associated with left
ventricular disease. Myocardial collagen con-
tent can also be measured biochemically as the
content of protein containing hydroxypro-
line.'2 We used both approaches, histological
and biochemical, to assess the collagen con-
tent, the relative proportions and the architec-
ture of the major collagen types in left
ventricular tissue of 13 patients with constric-
tive pericarditis.

Patients and methods
PATIENTS
We studied 13 consecutive patients admitted
to the Department of Cardiac Surgery of the
Medical School of Catanzaro from April 1992
to October 1994 for treatment of constrictive
pericarditis. Informed consent was obtained
from all patients under a protocol approved by
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Table I Preoperative clinical characteristics

Duration of NYHA Pattern by
Case Age (yr) Sex Cause symptoms (mnth) functional class echolDoppler

1 34 M Tuberculous 5 III C
2 45 M Coxsackie B 11 III C
3 52 F Unknown 15 II C
4 49 M Staphylococcus 18 III R
5 33 F Tuberculous 4 III C
6 64 M Unknown 21 IV R
7 56 M Uraemic 9 II C
8 47 M Tuberculous 16 III C
9 60 F Unknown 10 III C
10 37 F Unknown 8 III C
11 54 M Unknown 26 IV R
12 65 M Staphylococcus 6 III C
13 40 M Uraemic 3 III C

NYHA, New York Heart Association; C, constrictive; R, restrictive.

Table 2 Cardiac catheterisation data

HR MRAP MPAP RVEDP PWP LVEDP LVEF Cl
Patients (beatslmin) (mm Hg) (mm Hg) (mm Hg) (mm Hg) (mm Hg) (%) (1/min m2)

1 95 25 29 25 27 27 60 2-0
2 110 16 26 20 20 20 70 2-7
3 124 17 25 21 21 23 60 2-2
4 103 20 28 23 24 26 50 1-8
5 90 23 27 25 24 25 50 1.9
6 120 21 30 24 23 26 40 1-7
7 88 15 26 21 18 19 65 2-5
8 98 24 27 26 25 26 60 2-2
9 105 20 24 23 21 22 50 2
10 108 21 23 24 22 24 50 2-1
11 120 23 29 24 25 26 40 1.9
12 106 16 23 19 21 21 70 2-3
13 100 19 25 22 22 24 50 2
Mean 105-1 20 26-3 22-8 22-5 23-7 55 2-1
SD 11-3 3-2 2-2 2-1 2-4 2-5 10 0-2

Cl, cardiac index; HR, heart rate; LVEDP, left ventricular end diastolic pressure; LVEF, left ventricular ejection fraction; MPAP,
mean pulmonary artery pressure; MRAP, mean right atrial pressure; PWP, pulmonary wedge pressure; RVEDP, right ventricular
end diastolic pressure.

the human studies committee of the university
hospital. Table 1 shows the preoperative clini-
cal characteristics.

Patients had had symptoms for 3-26
months (mean 11 6 months) before diagnosis;
more than one third of patients had had them
for more than a year. All patients had clinical
evidence of pericardial constriction; the com-
mon physical signs of jugular venous disten-
sion (77%), hepatomegaly (70%), ascites
(61%), and peripheral oedema (70%) were
present in varying degree in all patients. A pos-
sible cause was identified in eight of 13
patients (table 1). In all patients the results of
cardiac catheterisation were characteristic of a
constrictive process (table 2). To exclude
coronary narrowing as a cause of cardiac dys-
function coronary angiography was performed
in all patients older than 40 years and in all
with suspected coronary artery disease. No
important coronary artery or valvar heart dis-
ease was found in any patient.

ECHO-DOPPLER ASSESSMENT OF DIASTOLIC
FUNCTION
Two dimensional and M mode echocardio-
grams were obtained with commercial cardiac

Table 3 Doppler velocity data in constrictive pattern (mean (SD))
No Apnoea Inspiration Expiration

Mitral:
E (cm/s) 10 67-8 (12) 58-6 (10) 79 5 (13-2)
A (cm/s) 10 57 (10-4) 44-2 (8-2) 58-7 (11)
E/A 10 1 28 (0 24) 1-33 (0-12) 1-35 (0 2)
DT (ms) 10 151-4 (23-4) 142-9 (20 5) 148-3 (22 2)
IVRT 10 61-2 (13-1) 67-3 (14-4) 56-1 (12-6)

E, peak velocity of early rapid inflow; A, maximal velocity of late LV inflow due to atrial contrac-
tion; DT, deceleration time; IVRT, isovolumic relaxation time.

ultrasound instrument. All patients were stud-
ied within 12 hours of cardiac catheterisation,
and 6-10 days and 6 months after surgery.
After baseline recording of the M mode image,
the subjects underwent pulsed Doppler exami-
nation of the transmitral flow from the cardiac
apex. A heat-sensitive nasal respirometer was
used in all patients to record the phase of the
respiration cycle. Constrictive or restrictive
patterns were characterised as described by
Oh et al."3 An M mode pattern consistent with
pericardial thickening was present in 10
patients. Ventricular chamber sizes were nor-
mal in all patients. Fractional shortening
ranged from 24% to 46% (mean 35%) in the
patients with constrictive pericarditis and from
16% to 39% (mean 25%) in the patients with a
restrictive pattern. Left ventricular ejection
fraction (LVEF) ranged from 40% to 70%
(mean (SD) 55 (10)%). Ten patients showed
Doppler velocity data typical of constrictive
physiology (table 3) whereas three patients
had Doppler features typical of restrictive
physiology (table 4).

OPERATION
Pericardiectomy was performed through a
median sternotomy in all patients, with car-
diopulmonary bypass (CPB) standby. All
patients were monitored intraoperatively with
indwelling radial artery lines and a Swan-Ganz
catheter. Changes in central venous pressure
(CVP) during the operation were calculated
from the anaesthesia records. The extent of
pericardiectomy varied. The pericardium over
both ventricles was routinely excised, and the
resection was extended at least to the phrenic
nerve on both sides. The extent of further

185



Chello, Mastroroberto, Romano, Perticone, Marchese

Table 4 Doppler velocity data in restrictive pattern (mean (SD))

No Apnoea Inspiration Expiration

Mitral:
E (cm/s) 3 79-6 (15-6) 78-3 (15-3) 82 (17-7)
A (cm/s) 3 36-6 (7) 35-3 (6 5) 39 (8-1)
E/A 3 1-9 (0-05) 2-2 (0-17) 2 (0-2)
DT (ms) 3 122-6 (11) 120-6 (10) 126-6 (12)
IVRT 3 61 (9) 66-3 (8) 62-6 (7 5)

E, peak velocity of early rapid inflow; A, maximal velocity of late LV inflow due to atrial contrac-
tion; DT, deceleration time; IVRT, isovolumic relaxation time.

resection of the pericardium overlying the
atrium or the intrapericardial portion of the
venae cavae, pulmonary veins, or great vessels
depended on the degree of difficulty in devel-
oping an appropriate plane of dissection.
Particular attention was directed to excising
any constricting epicardial layers in those
patients in whom intraoperative monitoring of
CVP showed no decline in central pressure
and in whom the epicardium was clearly
abnormal.

ENDOMYOCARDIAL BIOPSY
Endomyocardial biopsies were performed for
each patient at time of operation with a 1-5
mm Tru Cut needle. Four or five biopsy spec-
imens were taken from identical places: the
triangular area between the left anterior
descending artery, second or third diagonal
branch, and the apex of left ventricle. Two
samples were immediately preserved in liquid
nitrogen for biochemical examination. Fifteen
hearts taken at necropsy from patients free of
cardiac disease were studied. The mean (SD)
age of the patients at the time of death was 45
(8) years. Five endomyocardial biopsy samples
from the same area of the left ventricular free
wall as described above were taken from each
heart.

BIOCHEMICAL COLLAGEN ASSAY
The collagen content was determined in
myocardial tissue as described by Stageman
and Stadler'4 after the hydroxyproline concen-
tration was measured. The relative propor-
tions of type I and III collagens were
determined after CNBr cleavage as described
by Laurent et al.'5 The variation between
duplicate determinations on the same sample
was less than 5%.

HISTOLOGICAL EXAMINATION
In each patient two or three biopsy samples
were fixed in buffered formalin, embedded in
paraffin blocks, and sectioned at a thickness of
5 gum. These sections were stained with the
picrosirius red technique for collagen'6 and
observed with a polarising microscope. Total
collagen volume fraction (TCVF) and endo-
cardial fibrosis were determined as described
by Villari et al.17 The extent and thickness of
orthogonal collagen fibre meshwork (cross
hatching) were evaluated by the picrosirius-
polarisation technique and graded as
described by Villari et al as 0 = no cross hatch-
ing, 0 5 = minimal, 1-0 = moderate, 1-5 =
fair, 2 = extensive, and 3 = massive cross
hatching. Repeated measurements were per-
formed on each section (variation < 5%).

STATISTICAL ANALYSIS
The values presented are mean (1 SD).
Comparisons between the two groups were
performed by the unpaired Student t test. We
used linear regression to analyse relations
between structural and haemodynamic data. A
significance level of < 0 05 was used.

Results
There were no operative deaths. At operation,
seven patients (54%) had parietal constriction
only and six (46%) had visceroparietal con-
striction. In the patients with visceroparietal
constriction epicardial decortication was nec-
essary. The only postoperative complication
was low cardiac output state in four patients
(30%). Two of these patients were in func-
tional class III and two were in class IV before
operation. Both patients in class IV and one in
class III had visceroparietal constriction.
Intraoperative bleeding occurred in two
patients as a result of laceration of the right
ventricle when the sternotomy was performed.
Of these patients, one required CPB to control
bleeding. A significant decrease of CVP
occurred in seven patients in the operating
room soon after pericardiectomy, and in three
patients within 48 hours of the operation.
CVP did not change much in three patients,
despite complete pericardiectomy and epi-
cardial decortication.

All patients were followed for up to 18
months (median 10 months). One patient died
within four months of operation because of
progressive congestive heart failure. This
patient, who underwent extensive pericardiec-
tomy and epicardial decortication, had little
improvement in cardiac function after peri-
cardiectomy. The postoperative course was
complicated by low cardiac output state
requiring infusion of dopamine for 36 hours.
Another patient, who had had considerable
symptomatic improvement after pericardiec-
tomy, remained free of cardiac symptoms until
his later death from lung cancer.

After pericardiectomy, the considerable res-
piratory variation in mitral flow velocity and
left ventricular relaxation time was no longer
present in 10 patients. Of these, nine showed a
preoperative constrictive Doppler pattern, and
one a preoperative restrictive pattern. One
patient with a preoperative constrictive

- Preoperative
8 Postoperative

8

6 I40)t- 4

I2K-h

11 III IV

NYHA Class

Figure I Preoperative and postoperative (follow up)
functional state (New York Heart Association (NYHA)).
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Table 5 Collagen concentration and the relative proportion of types I and III in normal
and diseased left ventricles (mean (SD))

Control Pericarditis P

Total collagen (mg/g DW) 50 4 (20) 89-4 (25) < 0-01
% Type III 40-2 (9) 34-3 (7 3) 0-07
Type III (mg/g DW) 19-2 (6) 30 (9 7) < 0-01
% Type I 59-6 (9 6) 64-8 (8-5) 0-15
Type I (mg/g DW) 31-2 (2-8) 59 (5) < 0-01

DW, dry weight.

Doppler pattern developed a restrictive pat-
tern after pericardiectomy without an inter-
vening cardiac event. Two of three patients
with a preoperative restrictive pattern still had
symptoms (NYHA class III) at postoperative
Doppler examination. Follow up showed an
excellent result in 10 patients and a poor result
in three patients (fig 1).

BIOCHEMICAL ASSAY
The collagen concentration in the left ventricle
of patients with constrictive pericarditis was
significantly higher than that in control ventri-
cles (P < 0-01, table 5). Table 5 shows that
the proportion of type III (compared with type
I plus type III) was lower in patients with con-
strictive pericarditis than in controls (P <
0-05). The estimated concentration of types I
and III collagen, derived from the total colla-
gen concentration and the proportion of each
type, is also shown in table 5. There was a rise
in both type I and III collagens, but there was a
disproportional increase in type I.

HISTOLOGICAL EXAMINATION
Biopsy samples from hearts with constrictive
pericarditis were more fibrotic than those from
autopsy hearts (table 6). A trend toward a
higher fibrosis was observed in patients with a
restrictive echo pattern, even though not sig-
nificant. The fibrous content varied widely
between different samples. The fibrosis was
subepicardial in three patients. In two cases
the myocardial fibrosis was subendocardial or
located in the zone intermediate between
subendocardium and subepicardium; a gener-
alised fibrosis was observed in three patients.
An extensive collagen meshwork, as indicated
by the cross hatching index of fibrils, was
found in 46% of patients with constrictive
pericarditis, compared with a minimal level in
the control group.

CORRELATION BETWEEN HAEMODYNAMIC AND
STRUCTURAL DATA
The aetiological subgroup was not related to
the incidence of low cardiac output. A signifi-
cant trend was observed between the interval
between the onset of symptoms and total colla-
gen content (r = 061, P = 002, fig 2). There
was no correlation between myocardial colla-

Table 6 Histological quantitative data (mean (ISD)) in normal and diseased left
ventricles

Control Pericarditis P

TCVF(%) 2-4 (0 9) 7-0 (1) < 0-001
Endocardial fibrosis (%) 0 6-8 (42) < 0-001
Cross hatching grade 0-4 (0-1) 1-5 (0 8) < 0-01

TCVF, total collagen volume fraction.
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gen content and age. Linear regression analy-
sis did not show any correlation between total
collagen content and mean right atrial pres-
sure, pulmonary wedge pressure, and right
ventricular end diastolic pressure (RVEDP).
Neither cardiac index (CI) nor LVEF corre-
lated with total collagen content. There was a
weak but significant correlation between the
percentage of type I collagen and RVEDP (r =
0 5, P = 0 04). The extent of cross hatching
was inversely correlated with both LVEF (r =
- 0-76, P = 0-002, fig 3) and deceleration time
(r = - 0 68, P = -O1, fig 4).
The measurement of fibrosis varied accord-

ing to postoperative NYHA class. The grade
of cross hatching was higher in patients in
functional class III or IV (n = 3) than in
patients in class I (n = 7) (2-3 (0 5) v 0 9
(0 7), P = 0-03).
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Discussion
Although pericardiectomy is usually followed
by an immediate and adequate relief of symp-
toms in constrictive pericarditis,'-' 18 some-
times there is no response after extensive
pericardiectomy despite complete ventricular
decortication.'920 Operative, clinic, haemody-
namic, and necropsy findings indicate that
impaired cardiac performance in these patients
is usually secondary to myocardial dysfunction
rather than to unrelieved constriction.21 22 The
natural course of continued postoperative
deterioration in some patients with constric-
tive pericarditis accords with the possibility
that restriction may not be limited to pericar-
dial thickening, and myocardial dysfunction
can result from myocardial involvement in the
disease process that led to the constrictive
pericarditis.2324
The coexistence of pericardial constriction

with myocarditis, postradiation cardiomyopa-
thy, or other forms of cardiomyopathy has
been described in a subset of patients reported
by Seifert and coworkers.25 They found that
outcome in patients with constrictive peri-
carditis and restrictive cardiomyopathy was no
better than those with restrictive cardiomyopa-
thy alone and were hesitant to recommend
pericardial stripping in such patients, particu-
larly the postradiation group. Levine reported
on seven necropsy cases in patients operated
on for constrictive pericarditis: there was
severe myocardial fibrosis in four.22 Talwar et
al performed endomyocardial biopsy in six
patients with constrictive pericarditis, and
found myocarditis and myocardial interstitial
fibrosis in all irrespective of the endocardial
thickening.26

Changes in collagen subtypes have already
been reported in myocardial disease. An
increase in the amount of type I collagen was
recently described in the formation of scars
after myocardial infarction27 and in cardiomy-
opathy and ischaemic heart disease.28 In the
present study we showed a significant increase
in collagen concentration and in the propor-
tion of type I collagen compared with type III
collagen, as well as altered arrangement of the
newly synthesised collagen fibrils.

Nevertheless, there is still disagreement
about whether or not there is a relation
between increased collagen content and stiff-
ness. Many experiments29 counter the idea
that a decline in compliance in hypertrophied
myocardium is related to a higher collagen
content. The change in flexibility of the left
ventricle could also be related to organisation
of newly synthesised collagen fibrils or to alter-
ation in its structure such as a greater degree
of cross linking.

Recently, several studies in laboratory ani-
mals have shown that the structural character-
istics and the arrangement of collagen fibres
with respect to myocytes, and not solely the
amount of collagen, influence the mechanical
behaviour of the myocardium.Y'- In rats with
pressure overload hypertrophy Jalil et al
showed that systolic and diastolic stiffness
were both altered in the presence of pathologi-
cal realignment of collagen and muscle
fibres.32 33

In 32 patients with aortic valve disease,
Villari and coworkers found changes in colla-
gen architecture associated with altered sys-
tolic function and passive diastolic
properties.'7 The isolated increase in total col-
lagen volume fraction without a change in
architecture leaves systolic and passive dias-
tolic function unaltered. They also found that
in the presence of myocardial fibrosis, ejection
fraction was depressed and passive myocardial
stiffness increased-further evidence that the
endocardium modulates the performance of
the adjacent myocardium. How fibroblasts are
stimulated to produce more collagen of any
type or to degrade it and what part the
myocytes and the other components of the
extracellular matrix play in this process are still
unresolved questions. As Levine suggested, at
least two different mechanisms could produce
concomitant involvement of pericardium and
myocardium:
* Subepicardial penetration by a primary
pericardial inflammatory process. There is no
rigid barrier at the epicardial membrane to
prevent the intramyocardial extension of a
bacterial or viral process that arises in the peri-
cardium. On healing, the inflammatory
myocarditis is commonly replaced by fibrous
connective tissue.
* Impairment of coronary blood flow. Some
have speculated that coronary blood flow may
be altered by low blood pressure,35 the direct
or indirect effects of compression resulting in
increased external force upon the larger blood
vessels,36 and by unusual transmural pressures
affecting the smaller intramural coronary
arteries. Another explanation of this may lie in
capillary endothelial cell injury and prolifera-
tion of fibrous tissue leading to endoluminal
narrowing and, ultimately, to myocardial
ischaemia." It is possible that substantially
diminished blood flow in many areas of the
ventricle may lead to hypoxia and myocardial
anaerobiosis with lactate production in the
myocardium that could lead to excess collagen
growth relative to muscle because of fibroblast
stimulation.'8

In conclusion, our study shows that in
chronic constrictive pericarditis a significant
increase of total collagen as well as an
enhanced fibre meshwork and endocardial
fibrosis are associated with altered systolic and
diastolic myocardial properties. Because of the
significant correlation between total collagen
content and duration of symptoms before peri-
cardiectomy, in patients who had had symp-
toms lasting for many months it would be
advisable to perform a biopsy of the myo-
cardium before pericardiectomy. The finding
of advanced interstitial heart disease should be
regarded as a useful predictor of the late post-
operative functional outcome.
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